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(54) SYSTEM LSI AND POWER MANAGEMENT METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a system LSI 
preventing the deterioration of performance due to the 
execution of the useless sleep of a CPU, and sharply 
improving a low power consimiption effect. 
SOLUTION: This system LSI is provided with one or plural 
hardware modules Ml -Mm for executing prescribed 
processing and a CPU 1 1 for controlling the operation of the 
hardware modules according to a program. This system LSI is 
also provided with a power management device 20 for 
controlling the stop and restar of clock supply to the CPU 1 1 . 
That is, the CPU 11 is provided with a means for executing a 
sleep instruction for operating the stop of the clock supply to 
the CPU 1 1 . The power management device 20 stops the clock 
supply to the CPU 1 1 based on the execution of the sleep 
instruction by the CPU 11, and restarts the clock supply to the 
CPU 11 at the time of receiving the end of the processing of 
the hardware modules. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dazoages caus d by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. hi the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The system LSI characterized by forming the power management equipment which controls a 
halt and resumption of clock supply to Above CPU in the system LSI equipped with one or more 
hardware modules which perform predetermined processing, and CPU which controls operation of the 
aforementioned hardware module according to a program. 

[Claim 2] It is the system LSI according to claim 1 which prepares a means to execute the sleep 
instruction for stopping clock supply to Above CPU in Above CPU, and is characterized by making the 
aforementioned power management equipment the composition which stops the clock supply to Above 
CPU based on execution of the aforementioned sleep instruction by Above CPU. 
[Claim 3] The aforementioned power management equipment is a system LSI according to claim 2 
characterized by making it the composition which resumes the clock supply to Above CPU in response 
to the end of processing of the aforementioned hardware module. 

[Claim 4] The aforementioned sleep instruction is a system LSI according to claim 3 which has the 1st 
field which specifies by the end of processing of which hardware module the clock supply to Above 
CPU is resumed, and is characterized by making the aforementioned power management equipment the 
composition which resumes the clock supply to Above CPU with reference to the content of the 1st field 
of the above. 

[Claim 5] The aforementioned sleep instruction is a system LSI according to claim 4 which has the 2nd 
field which specifies the register which stored the value of the 1st field of the above, and is characterized 
by making the aforementioned power management equipment the composition which resumes the clock 
supply to Above CPU with reference to the content of the above 1st and the 2nd field. 
[Claim 6] The system LSI according to claim 2 to 5 characterized by making the routine in the 
aforementioned program used in order to wait for the end of processing of the aforementioned hardware 
module the composition automatically transposed to the aforementioned sleep instruction. 
[Claim 7] It is the system LSI according to claim 1 to 6 characterized by making it the composition 
which it has the memory connected to Above CPU, and the aforementioned power management 
eqxiipment stops clock supply in the aforementioned memory at the time of a halt of the clock supply to 
Above CPU, and resumes clock supply in the aforementioned memory at the time of resumption of the 
clock supply to Above CPU. 

[Claim 8] The aforementioned memory is a system LSI according to claim 7 characterized by forming 
on the same chip as Above CPU, the aforementioned hardware module, and the aforementioned power 
management equipment. 

[Claim 9] To the sleep instruction which it performs [ instruction ] in CPU and stops supply of the clock 
to this CPU When the content which directs the conditions of the operating state of the hardware module 
for making supply of the clock to CPU resume is included and CPU executes the aforementioned sleep 
instruction After storing the aforementioned conditions in the register, when the signal which stops 
supply of the clock to CPU is generated and the operating state of a hardware module agrees with the 
aforementioned conditions stored in the aforementioned register The power management method 
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characterized by generating the signal which makes supply of the clock to CPU resume. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 11 The system LSI characterized by forming the power management equipment 
which controls a halt and resumption of clock supply to Above CPU in the system LSI 
equipped with one or more hardware modules which perform predetermined 
processing, and CPU which controls operation of the aforementioned hardware module 
according to a program. 

[Claim 2] It is the system LSI according to claim 1 which prepares a means to execute 
the sleep instruction for stopping clock supply to Above CPU in Above CPU, and is 
characterized by making the aforementioned power management equipment the 
composition which stops the clock supply to Above CPU based on execution of the 
aforementioned sleep instruction by Above CPU. 

[Claim 3] The aforementioned power management equipment is a system LSI according 
to claim 2 characterized by making it the composition which resumes the clock supply 
to Above CPU in response to the end of processing of the aforementioned hardware 
module. 

[Claim 4] The aforementioned sleep instruction is a system LSI according to claim 3 
which has the 1st field which specifies by the end of processing of which hardware 
module the clock supply to Above CPU is resumed, and is characterized by making the 
aforementioned power management equipment the composition which resumes the 
clock supply to Above CPU with reference to the contents of the 1st field of the above. 
[Claim 51 The aforementioned sleep instruction is a system LSI according to claim 4 
which has the 2nd field which specifies the register which stored the value of the 1st 
field of the above, and is characterized by making the aforementioned power 
management equipment the composition which resumes the clock supply to Above CPU 
with reference to the contents of the above 1st and the 2nd field. 

[Claim 61 The system LSI according to claim 2 to 5 characterized by making the routine 
in the aforementioned program used in order to wait for the end of processing of the 
aforementioned hardware module the composition automatically transposed to the 
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aforementioned sleep instruction. 

[Claim 7] It is the system LSI according to claim 1 to 6 characterized by making it the 
composition which it has the memory connected to Above CPU, and the aforementioned 
power management equipment stops clock supply in the aforementioned memory at the 
time of a halt of the clock supply to Above CPU, and resumes clock supply in the 
aforementioned memory at the time of resumption of the clock supply to Above CPU. 
[Claim 8] The aforementioned memory is a system LSI according to claim 7 
characterized by forming on the same chip as Above CPU, the aforementioned 
hardware module, and the aforementioned power management equipment. 
[Claim 9] To the sleep instruction which it performs [ instruction ] in CPU and stops 
supply of the clock to this CPU When the contents which direct the conditions of the 
operating state of the hardware module for making supply of the clock to CPU resume 
are included and CPU executes the aforementioned sleep instruction After storing the 
aforementioned conditions in the register, when the signal which stops supply of the 
clock to CPU is generated and the operating state of a hardware module agrees with the 
aforementioned conditions stored in the aforementioned register The power 
management method characterized by generating the signal which makes supply of the 
clock to CPU resume. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the system LSI 
which carried CPU and one or more hardware modules on the chip, and the power 
management method of realizing the low-power-ization. 
[0002] 

[Description of the Prior Art] Generally, the conventional system LSI has the 
composition of having carried on the chip CPUlll, two or more hardware modules MO, 
Ml, — , Mn, and the memory 112 that stores an instruction and data, as shown in 

drawing 20 . CPUlll issues the processing instruction other than the processing which 
itself performs to hardware modules MO-Mn. The operating state of hardware modules 
MO-Mn, i.e., execution of the processing which was performing given processing or was 
given, is completed, and the operating state whether the following processing instruction 
is waiting or to be among sleep is supervised by CPUlll. 

[0003] About low-power-izing of this system LSI, the following technology is proposed, 
for example. (1) CPUlll stops supply of the clock to the hardware modules MO-Mn, 
and attains low-power-ization in the period when some hardware modules MO-Mn do 
not need to be operating by changing these hardware modules MO-Mn into a sleep state. 
(2) If a hardware module MO - Mn itself end the given processing, low-power-ization 
will be attained by changing into a sleep state automatically. 
[0004] 

[Problem(s) to be Solved by the Invention] However, about low-power-izing of the 
conventional system LSI, the power consumed by CPU occupies many of power 
consumed with the whole chip, and has been a technical problem with important low- 
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power-izing of CPU. 

[0005] From such a viewpoint, the following can be considered as the technique of 
changing CPUlll into a sleep state. There is a period when CPUlll cannot perform the 
next processing until hardware modules MO-Mn end the processing to which 
predetermined was given from relations, such as data dependence, like, when CPUlll 
performs the next processing as a period which can change CPUlll into a sleep state 
using the result of the processing which hardware modules MO-Mn performed, for 
example. Although CPUlll can be changed into a sleep state between the latency times 
to the processing end of such hardware modules MO-Mn, the method poses a problem. 
[0006] In the case where CPUlll is changed into a sleep state with hardware control, 
there is a possibility of causing the degradation by execution of useless sleep and the fall 
of the power consumption curtaUment effect. It is because sleep may be carried out 
although it must be able to carry out the Wake rise immediately after changing CPUlll 
into a sleep state or CPUlll can be changed into a sleep state, since CPUlll cannot 
predict operation which should be performed to a degree. Moreover, when it is going to 
control by hardware strictly the timing which carries out sleep, there is also an 
overhead of area and power consumption or a problem of becoming large, by the 
hardware. 

[0007] On the other hand, the period which changes CPUlll into a sleep state for 
CPUlll sleep and when carrying out the Wake rise is beforehand estimated by 
software control, and the Wake rise is carried out, after pointing to the period by sleep 
instruction and changing into a sleep state. However, when many sleep periods are 
estimated, sleep will be carried out to a useless period and degradation will be caused 
after all. On the contrary, when it estimates few, a clock will be supplied in the period 
which may be carrying out sleep in practice, and there is a problem that the power 
consumption curtailment effect falls. 

[0008] Made in order that this invention might solve the conventional trouble like ****, 
the purpose is offering the system LSI and the power management method of raising a 
low-power-ized effect sharply, avoiding the degradation by execution of sleep with 
useless CPU. Moreover, the other purposes are offering the system LSI which can attain 
the increase in efficiency of the low-power design in a system LSI. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
feature of the system LSI which is invention according to claim 1 is in the system LSI 
equipped with one or more hardware modules which perform predetermined 
processing, and CPU which controls operation of the aforementioned hardware module 
according to a program to have formed the power management equipment which 
controls a halt and resumption of clock supply to Above CPU. 
[0010] In invention of the claim 1 above-mentioned publication, the feature of the 
system LSI which is invention according to claim 2 prepares a means execute the sleep 
instruction for stopping clock supply to Above CPU in Above CPU, and the 
aforementioned power management equipment is in it for having carried out to the 
composition which stops the clock supply to Above CPU based on execution of the 
aforementioned sleep instruction by Above CPU. 

[0011] In invention of the claim 2 above-mentioned publication, the aforementioned 
power management equipment has the feature of the system LSI which is invention 
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according to claim 3 in having made it the composition which resumes the clock supply 
to Above CPU in response to the end of processing of the aforementioned hardware 
module. 

[0012] In invention of the claim 3 above-mentioned publication, the aforementioned 
sleep instruction has the 1st field which specifies by the end of processing of which 
hardware module the clock supply to Above CPU is resumed, and the feature of the 
system LSI which is invention according to claim 4 is in the aforementioned power 
management equipment for having carried out to the composition which resumes the 
clock supply to Above CPU with reference to the content of the 1st field of the above. 
[0013] Having the 2nd field where the feature of the system LSI which is invention 
according to claim 5 specifies the register with which the aforementioned sleep 
instruction stored the value of the 1st field of the above in invention of the claim 4 
above-mentioned publication, the aforementioned power management equipment is to 
have made it the composition in which the clock supply to Above CPU is resumed with 
reference to the content of the above 1st and the 2nd field. 

[0014] The feature of the system LSI which is invention according to claim 6 is in the 
above-mentioned claim 2 or invention according to claim 5 to have made the routine in 
the aforementioned program used in order to wait for the end of processing of the 
aforementioned hardware module the composition automatically transposed to the 
aforementioned sleep instruction. 

[0015] The feature of the power management method which is invention according to 
claim 7 To the sleep instruction which it performs [ instruction ] in CPU and stops 
supply of the clock to this CPU When the content which directs the conditions of the 
operating state of the hardware module for making supply of the clock to CPU resume 
is included and CPU executes the aforementioned sleep instruction It is in generating 
the signal which stops supply of the clock to CPU, after storing the aforementioned 
conditions in a register, and generating the signal which makes supply of the clock to 
CPU resume, when the operating state of a hardware module agrees with the 
aforementioned conditions stored in the aforementioned register. 
[0016] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is 
explained with reference to a drawing. 

[0017] [1st operation gestalt] drawing i is the block diagram showing the composition of 
the system LSI concerning the 1st operation gestalt of this invention. 
[0018] The fundamental composition of this system LSI has the composition of having 
added the power management module 20 which had sleep and a function for carrying 
out the Wake rise for CPUll, in the same system LSI ( drawing 20 ) as the former 
equipped with CPUll, the hardware modules MO-Mn of plurality (one [ or ]), and the 
memory 12 that stores a program and data. 

[0019] although a clock is supplied to CPUll through this power management module 
20, a partial circuit with the need of always supplying the clock is resembled as usual, 
and a clock is supplied to it Furthermore, an addition and change of a function are 
added to CPUll so that the sleep instruction for changing CPUll into a sleep state can 
be decoded and executed in addition to the conventional instruction set. 
[0020] In addition to the operation code OP showing a sleep instruction, the instruction 
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code of a sleep instruction gives the Wake rise module field WU and the condition field 
CO, as shown in drawing 2 . The Wake rise module field WU is the field which specifies 
whether the Wake rise of CPUll is carried out, when processing of which hardware 
modules MO-Mn is completed (the hardware module specified to be this appearance is 
hereafter called Wake rise module). It enables it to specify one or more hardware 
modules to be the Wake rise module fields WU by giving the bit corresponding to each 
hardware module. The condition field CO will specify (it is hereafter called OR 
conditions) for whether the Wake rise of CPUll is carried out, if either (it being 
hereafter called AND conditions) or those processings end whether the Wake rise of 
CPUll will be carried out if all of those processings are completed when two or more 
modules in the Wake rise module field WU are specified. 

[0021] For example, in a system LSI with five hardware modules MO, Ml, M2, M3, and 
M4, when processing of both hardware modules MO and M2 is completed, the sleep 
instruction in the case of carrying out the Wake rise of CPUll comes to be shown in 

drawing 3 . 

[0022] However, bit width of face of an instruction is made into 32 bits, and 1 bit is 
assigned to the condition field CO and, in the case of AND conditions, in the case of "0" 
and OR conditions, it is made into "1." Moreover, the Wake rise module field WU 
corresponded to hardware modules M0-M4 sequentially from the least significant bit, 
and when the bit corresponding to each hardware modules M0-M4 was "1", the 
hardware module should be specified as a Wake rise module. 
[0023] A sleep instruction uses it in the program in the conventional system LSI, 
replacing with the routine (it is hereafter called the waiting routine for a hardware 
processing end) only for waiting for the end of processing of a hardware module. For 
example, suppose that there was a routine as shown in drawing 4 by the program of the 
conventional system LSI. Here, mfc is taken as the instruction which loads the content 
of the register for hardware module control to a general-purpose register. Moreover, by 
state's being the register which stores the operating state of a hardware module, and 
corresponding to hardware modules M0-M4 from a least significant bit, respectively, if 
a certain bit is "1", the hardware module corresponding to the bit shall express that 
processing is under execution. 

[0024] This waiting routine for a hardware processing end performs the following 
processings. First, the content of Sstate is loaded to a general-purpose register r2. Next, 
only the operating state of hardware modules Ml and M3 is extracted by performing 
the AND operation of "r2" and "0x0005." Then, comparison of "r2" and "rO (for the 
content, "0" is always a register)" is performed, and if both are not equal, it branches to 
the instruction which a label called Loop attached, i.e., the first mfc instruction- Since it 
is that CPUll does not perform the next processing until processing of hardware 
modules MO and M2 ends this, the sleep of CPUll can be carried out in the meantime. 
Then, by replacing this routine by one sleep instruction of drawing 3 , while waiting for 
the processing end of hardware modules MO and M2, the sleep of CPUll is carried out 
Power consumption is not only reducible, but program length can be shortened by this. 

[0025] Dra^ng 5 is the block diagram showing the composition of the power 
management module 20. This power management module 20 consists of a comparator 
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21, the Wake rise module register 22, a m dule state flag register 23, a sleep control flip- 
flop 24, and the OR gate 25. 

[0026] The sleep control flip-flop 24 is a flip-flop for controlling supply of the clock to 
CPUll, and reset-signal RTF is inputted for the set signal STF from a comparator 21 
from CPUll again. 

[0027] The input of the OR gate 25 is the clock creatine kinase (it is hereafter called a 
main clock) currently supplied to CPUll with the output OUT of the sleep control flip- 
flop 24, and the composition of the conventional system LS 1, and an output serves as 
the clock CLK supplied to CPUll, The module state flag register 23 is a register for 
supervising the operating state of a hardware module, and is giving the bit 
corresponding to each hardware module. CPUll sets the value of this register and each 
hardware module resets it When CPUll of the conventional system LSI has the 
register which has an equivalent function, it can substitute for this register. The Wake 
rise module register 22 is a register which stores the value of the Wake rise module field 
WU in sleep instruction code, and when CPUll decodes / executes a sleep instruction, it 
transmits a storing value. A comparator 21 is a circuit for detecting the timing which 
carries out the Wake rise of CPUll. The value of the module state flag register 23, the 
value of the Wake rise module register 22, the value of the condition field CO in sleep 
instruction code, and interrupt signal BR are inputted, and reset-signal RTF is 
outputted to the sleep control fiip-flop 24 with those values. 
[0028] Operation of the system LSI of this operation gestalt is explained. 
[0029] When an initial state, i.e., a system LSI, is reset, interrupt signal BR (reset 
interruption) is inputted into a comparator 21. Since the sleep control flip-flop 24 is 
reset by this and the output OUT of the sleep control flip-flop 24 is set to "0" by it. 
Clock CLK is supplied to CPUll. CPUll sets the bit corresponding to the hardware 
module in the module state flag register 23 at the same time it gives a processing 
instruction to a certain hardware module. 

[0030] Next, execution of a sleep instruction transmits the value of the Wake rise 
module field WU in sleep instruction code, and the value of the condition field CO to the 
Wake rise module register 22 and comparator 21 of the power management module 20, 
respectively. Moreover, the sleep control flip-flop 24 is set and the output OUT is set to 
"1." 

[0031] If the output OUT of the sleep control flip-flop 24 which is one of the inputs of 
the OR gate 25 is set to "1", the output CLK of the OR gate 25, i.e., the clock signal to 
CPUll, will not be concerned with the value of the main clock creatine kinase which is 
another input, but it will be set to **1." That is, since it means that supply of the clock 
CLK to CPUl 1 was stopped, CPUl 1 will be in a sleep state. 

[0032] Each hardware modules M0-M4 reset the bit corresponding to the hardware 
module of the module state flag register 23, after the given processing is completed. The 
comparator 21 is always comparing the value of the module state flag register 23 and 
the Wake rise module register 22, and when the result satisfies the conditions given in 
the condition field CO of sleep instruction code, it outputs reset-signal RTF to the sleep 
control flip-flop 24. Moreover, when interrupt signal BR is inputted, it is not concerned 
with a comparison result but reset-signal RTF is outputted. 

[0033] If the sleep control flip-flop 24 is reset, since the output OUT of this flip-flop 24 
will be set to "0", the main clock creatine kinase which is another input of the OR gate 
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25 is transmitted to the output CLK of the OR gate 25 as it is. Supply of the clock CLK 

to CPUll is resumed by this, and CPUll carries out the Wake rise by it. 

[0034] The system LSI which carried three hardware modules MO, Ml, and M2 as 

shown in drawing 6 is made into an example, and above-mentioned operation is 
explained still more concretely. 

[0035] Drawing 7 is the circuit diagram showing the example of composition of the 
comparator 21 in the power management module 20 in this example, each bit of the 
module state flag register 23 here corresponding to hardware modules MO, Ml, and M2, 
and the Wake rise module register 22 - respectively (SO, SI, S2) -- and (WO, Wl, W2) - 

— it carries out It is shown that the hardware module corresponding to them is 
processing performing (SO, SI, S2) when a value is "1", and (WO, Wl, W2) shall show 
that the hardware module corresponding to them was specified as a Wake rise module, 
when a value is "1." 

[0036] If a processing instruction is taken out from CPUll to a hardware module Ml, it 
will become = (SO, SI, S2) (1, 0, 0). Moreover, if a processing instruction is also given to 
a hardware module M2 while the hardware module MO is performing processing, it will 
become = (SO, SI, S2) (1, 0, 1). Then, if the sleep instruction of ^^^^^^ g ^y^^^^^ 

sleep of CPUll is carried out till the processing end of both hardware modules MO and 
M2 is decoded / executed, "0" as which (1, 0, 1) express AND conditions in a 
comparator 21 to (WO, Wl, W2) will be transmitted first, respectively. 
[0037] Next, CPUll will be in a sleep state by inputting the set signal STF into the sleep 
control flip-flop 24. Within the comparator 21, the value of (SO, SI, S2), and (WO, Wl, 
W2) is compared by the combinational circuit (AND condition block 21a, OR condition 
block 21b). Since AND conditions are specified by the sleep instruction, the output of 
AND condition block 21a is chosen by multiplexer 21c. 

[0038] In AND condition block 21a, the bit corresponding to the hardware modules MO, 
Ml, and M2 of the module state flag register 23 and the Wake rise module register 22 is 
inputted into NAND gates ACO, ACl, and AC2, respectively. (SO, SI, S2) The output of 
AND-gate AC3 to which these values are considered as an input at the time of = (1, 0, 1) 
and = (WO, Wl, W2) (1, 0, 1) since the outputs of NAND gates ACO, ACl, and AC2 are 
"0", "1", and "0", respectively is set to "0." Since it is W1=0, it is not concerned with 
the value of SI, i.e., the operating state of a hardware module Ml, but the output of 
NAND gate ACl is always set to "1." That is, only the operating state of the hardware 
module specified as a Wake rise module influences the output of AND-gate AC3. 
[0039] Since the output of NAND gate AC2 is "0" even if processing of a hardware 
module MO is completed, it is set to S0=0 and the output of NAND gate ACO is set to 
"1", the output of AND-gate AC3 is still "0." If processing of a hardware module M2 is 
also ended and it is set to S2=0, the output of NAND gate AC2 will be set to "1." NAND 
gates ACO, ACl, and AC2 - if all outputs are set to "1", the output of AND-gate AC3 
will be set to "1" Since the output of AND-gate AC3 is chosen by multiplexer 21c, the 
output of multiplexer 21c is set to "1." Since it is the output of multiplexer 21c, and the 
input whose interrupt signal BR is 21d of OR gates, when interrupt signal BR is not 
inputted, the output of AND-gate AC3 is transmitted to the output which is 21d of OR 
gates as it is. Since this becomes the output of a comparator 21, i.e., reset-signal RTF, 
when processing of both hardware modules MO and M2 is completed, reset-signal RTF 
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is set to "1." If the sleep control flip-flop 24 is reset by this reset-signal RTF and the 
output OUT is set to "0" by it, the value of the main clock creatine kinase will be 
transmitted to the output of the OR gate 25 as it is, and supply of the clock CLK to 
CPUll will be resumed. 

[0040] Next, the case where the sleep instruction of j^^^i^g 9 ^y^^^y^ ^he sleep of 
CPUll is carried out till the end of a hardware module MO or processing of M2 is 
executed is explained. 

[0041] Since OR conditions are specified by the sleep instruction, the output of OR 
condition block 21b is chosen by multiplexer 21c. In OR condition block 21b, the bit 
corresponding to MO, Ml, and M2 of the module state flag register 23 and the Wake 
rise module register 22 is inputted into the AND gates OCO, OCl, and OC2, 
respectively. However, the value by which the value of the module state flag register 23 
was reversed is inputted. (SO, SI, S2) The output of OR-gate OC3 to which these values 
are considered as an input at the time of = (1, 0, 1) and = (WO, Wl, W2) (1, 0, 1) since 
the outputs of the AND gates OCO, OCl, and OC2 are "0", "0", and "0", respectively is 
set to "0." since it is W1=0 - the value of SI, i.e., the operating state of a hardware 
module Ml, - not being concerned - the output of AND-gate OCl - "0" - always - ** 
— it becomes That is, only the operating state of the hardware module specified as a 
Wake rise module influences the output of OR-gate OC3. 

[0042] If processing of a hardware module MO is completed and it is set to S0=0, the 
output of AND-gate OCO will be set to "1", and the output of OR-gate OC3 will also be 
set to "1" by this. This value lets multiplexer 21c and 21d of OR gates pass, and is 
outputted to the sleep control flip-flop 24 as a reset-signal RTF. 
[0043] When interrupt signal BR is inputted, regardless of the output of multiplexer 
21c, the output of 21d of OR gates is set to "1 and reset-signal RTF will be outputted 
to the sleep control flip-flop 24. 

[0044] Here, although only AND conditions and OR conditions explained composition 
and operation for the conditions which carry out the Wake rise of CPUll, the circuit of 
a condition block is added and other condition logic can be realized by using two or 
more bits for the condition field CO of sleep instruction code. 

[0045] Moreover, even if it carries out the Wake rise of CPUll or processing of which 
hardware module is completed by the processing end of a specific hardware module, in 
carrying out the Wake rise of CPUll, a comparator 21, the Wake rise module register 
22, and the module state flag register 23 become unnecessary. What is necessary is just 
to input into the sleep control flip-flop 24 by setting the result of the OR operation of the 
processing terminate signal from a hardware module, and interrupt signal BR to reset- 
signal RTF. The power management module 20 can be simplified by this. 
[0046] When interrupt signal BR was inputted and it changes into the state where there 
is a circuit, using reset-signal RTF being outputted to the sleep control flip-flop 24, it 
becomes possible to carry out the Wake rise of CPUll. For example, what is necessary 
is just to make it output interrupt signal BR, when a data bus changed into a 
predetermined state, the Wake rise of CPUll was carried out, the circuit which 
supervises the state of a data bus is added and a data bus changes into the state. 
[0047] Although the composition which added the power management module 20 to the 
conventional system LSI explained with this operation form, this is for giving 
explanation easy and may include this function into CPUll. In this case, it is that a 
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clock is always supplied to the circuit equivalent to the Wake rise module register 22, 
the module state flag register 23, and the sleep control flip-flop 24, and same operation 
can be realized. 

[0048] Thus, with this operation form, since the timing to which the sleep of CPUll is 
carried out was controlled by software (sleep instruction), it can determine when a 
programmer carries out the sleep of CPUll, and it becomes possible to avoid the 
degradation by execution of useless sleep. Furthermore, only a suitable period becomes 
possible [ carrying out sleep ] by controlling the Wake rise of CPUll by hardware, 
without predicting a sleep period. It becomes possible to raise a low-power-ized effect 
sharply, this avoiding the degradation by execution of useless sleep. Moreover, since the 
power management module 20 which realizes these functions can be mounted by very 
easy hardware, its overhead of the area by this and power consumption is also small. 
[0049] Since the waiting routine for a hardware module processing end which consisted 
of two or more instructions is transposed to one sleep instruction, the amount of 
memory which is needed since a program is stored becomes small, and the number of 
instructions performed also becomes less than the conventional program. Furthermore, 
since instruction memory is not accessed while CPU is carrying out sleep, the sleep also 
of the instruction memory can be carried out in the meantime. The power consumption 
of instruction memory is also cut down by these things. 

[0050] The 2nd operation form of the [2nd operation form] this invention is explained 

with reference to Hi-awino io 

drawmg 10 , ^^^^j^g ^ ^ ^^^^.^^ 

[0051] In the system LSI shown in drawing 1 with five hardware modules MO, Ml, M2, 
M3, and M4, the case where it is expressed with a flow chart as a part of program 
performed shows to drawing 10 is considered. Here, suppose that a processing 
instruction is taken out with processing 1.1, processing 1.2, processing 2.1, processing 
2.2, and processing 3 to hardware modules MO, Ml, M2, M3, and M4, respectively. 
Since the waiting routine for a hardware module processing end is after processing 3 is 
completed, by transposing this to a sleep instruction, the sleep of CPUll is carried out 
and curtailment of power consumption is aimed at. 

[0052] However, supposing it waits to complete processing of all hardware modules in 
which this routine was able to give the processing instruction in the performed 
processing, in the sleep instruction code of ^^^^^^^ 2 , it is unrealizable. In the sleep 
instruction of drawing 2 , since conditional branching occurs by this program to 
presuming the Wake rise instruction clearly, it is because the hardware module which 
has a processing instruction issued is not determined as 1 set. 

[0053] Then, the 2nd sleep instruction code shown in drawing 11 is introduced. This 
sleep instruction code consists of an operation code OP and the one register fleld RG. 
One certain register is specifled in the register field RG. The contents equivalent to the 
value of the Wake rise module field WU in the sleep instruction code of drawing 2 and 

the condition field CO are stored in the register specified here. When decoding and 
executing this sleep instruction, the Wake rise of CPUll is controlled by transmitting 
the value of the register directed in the register field RG to the power management 
module 20. 
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[0054] Next, how to change CPUll into a sleep state is explained with reference to the 
flow chart of ^^.^^^^g using this sleep instruction. 

[0055] The most significant bit of the register specified in the register field RG 
presupposes that it is equivalent to the condition field CO, and 5 bits is equivalent to the 
Wake rise module field WU from a least significant bit Moreover, suppose that a 
general-purpose register r8 is specified in a sleep instruction. 

[0056] In drawing 12 , first, before performing processing in connection with sleep 
operation, it initializes by substituting "0x0000" for "r8." After giving a processing 
instruction to a hardware module MO in processing 1.1, an OR operation is performed 
for the value of "r8", and "0x0001." Similarly, after giving a processing instruction to 
hardware modules Ml, M2, M3, and M4 in processing 1.2, processing 2.1, processing 
2.2, and processing 3, the value of "rS" and the OR operation of "0x0002", "0x0004", 
"0x0008", and "0x0010" are performed, respectively, and the result is stored in "r8." If 
it is AND conditions and is "0x0000" and OR conditions before executing a sleep 
instruction in order to specify the value of the condition field CO, the OR operation of 
"0x8000" and "r8" is performed, respectively. 

[0057] When performing processing 1.1 and processing 2.1 and carrying out the Wake 
rise of CPUll on AND conditions by doing in this way, the contents of "r8" are set to 
"0x0015", and sleep operation of carrying out the Wake rise of CPUll according to the 
AND conditions of hardware modules MO and M2 can be realized. 
[0058] In addition, since pipeline processing is carried out, there is a case where he 
wants to make the instruction preceded before a sleep instruction goes into the 
execution stage completed. For example, when accessing memory 12 by processing by 
CPUll and loading/store instruction is left with the access demand from CPUll coming 
out, it is the case where it becomes impossible ATASESU [ other modules ]. In this case, 
a number required before a sleep instruction of NOP instructions are inserted, and a 
sleep instruction is made to execute after the instruction is completed. 
[0059} the [ next, / the above 1st and ] — the sleep to CPUll used for 2 operation forms 
and the order of the real way of the Wake rise processing are explained with reference 
to the flow chart of j^3^^g ^3 

[0060] First, CPUll decodes the instruction executed next (Step Sll), and it judges 
whether it is the sleep instruction to which the sleep of CPUll is carried out (Step S12). 
If it is a sleep instruction, the conditions for carrying out the Wake rise of CPUll 
directed by this instruction are stored in a register (Step S13). Furthermore, the signal 
which stops supply of the clock to CPUll is generated, and CPUll carries out sleep 
with this signal (Step S14). 

[0061] While CPUll is carrying out sleep, after the processing under execution of a 
certain hardware module is completed, a processing terminate signal is generated (Step 
S15). It is judged whether the conditions which make the clock supply to stored CPUll 
resume were fulfilled (Step S16), if filled by the processing end of the hardware module, 
the signal which makes supply of the clock to CPUll resume will be generated by it, 
and CPUll wiU carry out the Wake rise by it (Step S17). 

[0062] the [ the [3rd operation form] above 1st and ] — with 2 operation forms, when 
CPUll cannot perform the next processing until processing of a certain hardware 
module is completed, CPUll is changed into a sleep state with software (sleep 
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iBstructi n), and the Wake rise of CPUll is carried out by the processing terminate 
signal from the hardware module In this case, the operation code OP to which the sleep 
instruction code used expresses a sleep instruction, The Wake rise module field WU 
which specifies by the processing terminate signal from which hardware module the 
Wake rise of CPUll is carried out. When two or more hardware modules in the Wake 
rise module field WU are specified, those AND conditions that will carry out the Wake 
rise of CPUll if processing is all completed. And if ones of those processings is 
completed, it will consist of the condition field CO showing OR conditions which carry 
out the Wake rise of CPUll. the [ the above 1st and ] — with 2 operation forms, since 
such sleep instruction code was ungenerable with a compiler, there was fault that the 
waiting routine for a hardware module processing end had to be transposed to a sleep 
instruction by the help 

[0063] In order to cancel this fault, with the **** 3 operation gestalt, the function which 
transposes automatically the waiting routine for a hardware module processing end in 
the conventional program to the aforementioned sleep instruction is prepared. 
Hereafter, the technique is explained in detail. 

[0064] Drawing 14 is drawing showing an example of the waiting routine for a 
hardware module processing end in the program of a system LSI. 
[0065] In this drawing, the value of status-register state of a hardware module is first 
loaded to a general-purpose register r2 by mfc instruction. Here, each bit of status- 
register state will be set to "0", if a corresponding hardware module is performing 
processing and "1" and processing will be ended. 

[0066] Then, a mask is covered over the value loaded by audi instruction. Since the 3rd 
operand of an audi instruction is "0x0003", this has taken out only the operating state 
of the hardware module (hereafter referred to as MO and Ml, respectively) 
corresponding to the 0th bit (LSB) of status-register state, and the 1st bit And a bne 
instruction performs comparison with the register rO which is always "0", and if the 
result is not equal, it already branches to the degree of-, and mfc2 instruction, and if 
equal, it will escape from the routine. That is, it vdll be called the routine for which it 
waits that processing of both hardware modules MO and Ml ends this routine. 
[0067] Next, it considers transposing this routine to a sleep instruction. 
[0068] Since the Wake rise of CPUll is carried out by the end of processing of 
hardware modules MO and Ml in this example, the Wake rise module field WU of a 
sleep instruction is set to "0x0003." Moreover, if processing of all the hardware modules 
specified at both hardware modules Ml [ MO and ] WU, i.e., the Wake rise module field, 
is completed, since the Wake rise of CPUll will be carried out, the value of the 
condition field CO serves as AND conditions. Therefore, a corresponding sleep 
instruction comes to be shown in d^^ng 15 . Here, as for the value of "111111" and 
the condition field CO, "0" and OR conditions set [ AND conditions ] the operation 
code OP showing a sleep instruction to "1." 

[0069] Another example of the waiting routine for a hardware module processing end is 

shown in drawing 16 . In this example, first, "0x0003" is substituted for the register r3, 
and this is used as a mask by the next and instruction of mfc2 instruction. When the 
value of status-register state over which the mask was covered is the same as r3 (i.e., 
when having ended neither of hardware modules MO and Ml of the processings), 
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branching is materialized, and when it differs (i.e., when one processing of the hardware 
modules MO or Ml is completed), it escapes from this routine. That is, this routine is a 
routine for waiting to complete one processing of the hardware modules MO or Ml. 
Therefore, when this routine is transposed to a sleep instruction, it comes to be shown in 

drawing 17 . Here, the value of the Wake rise module field WU is "0x0003" which 
shows hardware modules MO and Ml, and since the condition field CO carries out the 
sleep of CPUll until one processing of the hardware modules MO or Ml is completed, it 
serves as OR conditions. 

[0070] In a compiler, a sleep instruction is automatically generable by transposing the 
procedure which generates such an instruction sequence to the procedure which 
generates a sleep instruction. 

[0071] Next, the procedure for transposing the waiting routine for a hardware module 
processing end to a sleep instruction is explained with reference to drawing 18 and 

drawing 19 . 

[0072] In the flow chart of j^^^j^g jg , a source code is first changed into an assembly 
code with a compiler (Step S21). Next, a hardware module processing end **** routine 
is changed into a sleep instruction by filtering this (Step S22). When the changed 
assembly code assembles at the end, a machine language including a sleep instruction is 
generated (Step S23). 

[0073] A translation table is used for filtering at Step S22. The sleep instruction 
corresponding to the instruction sequence which has realized the waiting routine for a 
hardware module processing end, and its instruction sequence constructs a translation 
table, and it consists of ******. A constant and a variable express the operand of an 
instruction sequence. The example of the translation table for changing the instruction 
sequence of ^^^^j^g 14 ^^^^.^^ .^^^ ^ ^^^^^ instruction at drawing 19 is shown. 

[0074] In dra^ng 19 , a declaration of a variable and a constant is made first Here, 
state below Sconst, and rO, and and or are constants, and regl, reg2, imml, and imm2 
below $var are a variable. LABELl and LABE2 below Slabel are a special variable for 
the judgment with a branching place in agreement (it is hereafter called a label 
variable). The portion surrounded by Stable and $endtable is the actual condition of a 
translation table, and below Sstream in this is the format of the sleep instruction which 
an instruction sequence and below Sformat change. 

[0075] Furthermore, the procedure of filtering is explained. The filter performs 
comparison with the instruction sequence of a translation table sequentially from the 
beginning of an assembly code. Comparison is performed as follows. First, it judges 
whether an operation code OP is in agreement If in agreement, it will judge whether 
next an operand is in agreement In this case, the operand given as a constant by the 
translation table compares as it is. When substituting the value of the operand of an 
assembly code in the case of the first comparison performed using the variable and 
performing comparison with the variable next at it, it compares with the operand given 
as a variable using the substituted value. If both are in agreement as a result of 
comparison, the instruction sequence in an assembly code will be replaced according to 
the format of the sleep instruction to which it was given by Sformat 
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[0076] When there is a hardware module processor-limited routine as shown in a 
certain acene puUey code at drawing 14 hereafter, the procedure at the time of changing 
this into a sleep instruction by the translation table shown in drawing 19 is explained 
concretely. 

[0077] Since "LABELl:" appeared in the assembly code, the position of this label is 
stored. Next, since there is mfc2 instruction and this is in agreement with the instruction 
of the beginning of the instruction sequence in a translation table, the operand is 
compared. Since the first operand of the mfc2 instruction in a translation table is a 
variable of regl, the value r2 of the first operand of the mfc2 instruction in an assembly 
code is substituted for this. Since the second operand of mfc2 instruction of a translation 
table is a constant, it compares as it is. 

[0078] Since the mfc instruction of an operand corresponds, the next instruction is 
compared. Since both are in agreement by audi instruction, a first operand is 
compared. Since the first operand of an audi instruction of a translation table is a 
variable reg2, the first operand r2 of the audi instruction in an assembly code is 
substituted for this. 

[0079] Since the second operand of an audi instruction of a translation table is regl of 
existing appearance, it is compared using r2 previously substituted for this variable. 
"0x0003" is substituted for imml by comparison of the 3rd operand. In comparison of 
the next bne instruction, a second operand is the same. 

[0080] Since LABELl of the 3rd operand of a bne instruction of a translation table is a 
label variable, it judges whether the label and branching place of the 3rd operand of the 
bne instruction in an assembly code are the same. Since both sides have branched to the 
mfc2 instruction in the case of this example, it is in agreement. Since it was altogether in 
agreement with the instruction sequence of a translation table, the instruction sequence 
in an assembly code is transposed to a sleep instruction according to the format to 
which it was given by $format Since imml is a variable in the case of this example, 
"0x0003" substituted at the time of comparison of an audi instruction is used. 
[0081] Thus, with this operation gestalt, since the instruction sequence which was a 
waiting routine for a hardware module processing end in the conventional program can 
be automatically transposed to a sleep instruction, the effort of the part and a 
programmer is decreased and it becomes possible to attain the increase in efficiency of 
the low-power design in a system LSI. 
[0082] 

[Effect of the Invention] It becomes possible to attain low-power-ization, avoiding the 
degradation by execution of useless sleep according to the system LSI which is invention 
according to claim 1 to 4, since a halt (sleep) of the clock supply to CPU is controllable 
by software (sleep instruction), as explained to the detail above. Furthermore, it 
becomes possible by controlling resumption (Wake rise) of the clock supply to CPU by 
hardware to raise a low-power-ized effect sharply, being able to carry out the sleep only 
of the suitable period and avoiding the degradation by execution of useless sleep without 
predicting a sleep period. Moreover, since the power management equipment which 
realizes these functions can be mounted by very easy hardware, its overhead of the area 
by this and power consumption is also small. Moreover, since the real line count of an 
instruction becomes less than the conventional program by transposing the waiting 
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routine for a hardware module processing end which exists in the conventional program 
to one sleep instruction, the power consumption by memory access is also reducible. 
Furthermore, since two or more instructions are transposed to one instruction, the 
amount of memory which is needed since a program is stored als becomes small. 
[0083] According to the system LSI which is invention according to claim 5, a sleep 
instruction 
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[0028) :^m^Wm<Dty^'^2.L S I ^DSifEiCot* 
[0029} m^^. r^t^^v;^?'ALS I;&5y-tr 

^77Dr?:f2 4<om:^OUT*i "0" 
iCiZ^fci^, CPUl HCi^D ^ i?CLK?>^^«&^n 

[0030] ''Zf^^^m=rri> i , 

U';>:^^2 2i:3>/<U-^72 Sfc. 

'j7:7*^n:?7-2 4 35^^-b7 hSn. ^<K> 

[0 03 1 ] OTK^'-YZ^o>?<h<0\-:>X'h^:^'>- 

^i. ORy- h2 5C>ill:^). 'trfit>%. CPUl 
i^^'n^- >?il^CLK*i. ^>^— ■:^<^)W5r'^b'5^>f > 

CPUl \^<Ot7 0'p>^OLK(r>^^im±^tlfcCt 
tC/H^or-. CPUl n*::^'J-7-«J5$<i;^f^^ 30 
[0 03 2] S>'^-K'5:*r^t^a--rt.M0-M4l^. 

^ 2 3 i*? * i'^r 7 -^'U 

ui>;^^2 2(5:>iiii«:;&«:hb^ur4.5'). 

[0033];^ >J-7$i)ffi):? »; 5* n ^ 7*2 4^»j -fe 

7>^"0" tU^tc^s ORy-h2 5<^)€>^— ':>C0A;^ 
r-^-S^-^ >i?o> >7CK*5, ORy-F 25c?m;^c 
LKt^:-^o*«e^3n^. ctitccfc^r. CPUi i 
-^0>t!^oy ^oL\^o>m^imm^t\. CPUl i^t^ic^ 

[ 0 03 4 ] laetc^-rjt^nf, 3-700/^- k-^txt^ 

t^>-;UMO, Ml, M2^4S|I;0/i:^'J^f^ALS I 50 



1#^2 0 0 0- 1 1 2 585 

[0 03 5] 137 li, i:19)JiCfct^-£>^<r7-^^'t^->'> h 
^t>a-iU2 0F*?<D:3»-:u-ir2 l(!?<SJi^^^^K'risI 

1, M2tcmT^^^^^-;WSS:?^yus^>^5r2 3 

^. -en-en (SO, si, S2)Zfea^(wo, wi, 

W2 ) i-r ^» < S 0 , SI, S 2 ) iLt^ii"^ "l' 0>t 

' Htf *r'3b-2^c < wo , w 1 , W2 ) t*ii;:>i 

" 1 " <?><i:gtic. •en'=>4^:**i^;'r^^^- K-iJ^ir^s^^ 

[00361 CPU 1 X'^h^^'-V'^ xr'tV':>.->lM 

\icmyxmm^%i^^^ni>t. (SO, si, s 
2) = (1, 0, 0) tfxh^ ^fc. ^-v-K-^sr^s^ 

^^>:r-;UM2tC^«nffitf^^:^>stJB5n-Si. (SO. S 
1. S2) = ( I , 0, 1 ) tf£h^ ^O^^. K-^ 

3; r * 3. -/i-M 0 4; M 2 <Dmis<j>mm%T * -c c ? u 

.*tf$n-2>i. ST, (WO, Wl. W2 > tC ( 1 . 
0. 1 ) n>/<u--5?2 1 frc:AND^^^'r 
''0"^^ -en-enfe^^n-Sc 

[0037] ^ '}-^%my 0 7^77 p ^ ^^2 4 

K:'fe^h{t-^STF;>Vv:^$n^CiicJ:'?"C. CPU 

1 \ifi:^*)-zf^m^6U^, :3>/^'u-^2 irtT'ti, 
(SO, SI, S2> i <W0, Wl, W2) (Dmi>m 

^t*0?S (AND^f^:^t3:.i72 1 a, OR^i^ya y 
^2 1 b> ^<k'?Xk\:^^tlXl^i>, :^»J-7^^tcj: 

1^2 1 c tc J: ^XA N D*f4=7^D ^ 2 1 a 

[0 03 8] AND^:?'a^- ^2 1 a rit, 

U'^;3i^'2 2<^>"^- K'?xr^s^3.-^t-M0, Ml, M 
2iC^i;t;r^^yY:^\ -etl-enN A N D ^- h AC 
0, ACl, AC2tc:A:^5n^o <S0, SI, S 

2 ) = ( 1 . 0, 1 > , <W0. Wl . W2 ) = < 1 , 
0, \)<Ot^kt. NANDy-hACO, ACl, A 

c 2cc)aj;^ It. -en-en "0" , -i", "(rx^^ 
iy^h. cne^cDfiS^^c^pir^ANDy- h AC3oa3 
"0" i^t>5o Wl =or^^^6. si(^>ia^* 

0 ^-^^ F * 7 *s>^ -Jl-M 1 <oarfWCSl«:Bgt>^-r. 

NANDy- hAC i<?>ai:^tt^tc - 1 " inf^. -r^f 
t>^. j^^^^r ^7■^t>^.-J^i:L'■c^&^$n:^l^^- 
^ X r ^ ^- - JK^fiirf^ffJ^^c t:r*iANDy-hAC 

[ 0 03 9 ] vx- K'?3;r^^^-^M0OM51*^$?^T 
i^. SO = Oiao-C, NANDy- hACO<30ai;^7>4 
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" I " <tnf^T^. NAND>-'-h AC2<r>a3:^5&i 

JL. SZ^O^tiiyt. NANDy-hAC2<^fjB;'3 
iy^-^l' tt£^. NANOy-hACO, ACl, AC 
2±-C<^fjB;^*^ "1" t^ht. ANDy'-hAC30 
ai:^*^ "1" iia^o ANDy-hAC3<^fli:^i;5>i-?;u 

rbiTt^2 1 c<D^t>i^ " 1 " tt£^, '7)i^zru^^ 
2 1 c<?>Efi;#Pd. mii^m^BRH^ORy-hZ 1 cl<?> 

tiK^t^it. ANDir'--hAC3<?>m:^J:(>i-^<DS^OR 
y- h2 1 <i<Dmt>i^Bm^tl^^ Ctu>^=3>^';u-^ 

K'5*r^i>:>.-^UM0iM2<Z)a-fr<^®f*i$?T 

[0 04 0] h"'?:tr^^>r.-;UMO*^t* 
liM2<?>«!iil0^7*r'CPU 1 

[004 1] :3:ij-7^^icj:o'C. OR^fr^^^g^^ 
nT(r*^<^r. -?J^=?■"7•^i^t^2 1 cKct^r. OR^ 
frr'-n^ ^?2 1 l>(^m:^i>mtR:^n^, OR^i^zray 

j^H' ^'T >7**;>^-^UU^>^^?2 2<^>M0. Ml. M 
2tc**i;£:f -tt^-enANDy- hOCO. 

(SO, S 1. S2 ) - < 1, 0, 1 ) , (WO. 
Wl. W2) = (1, 0. 1) <Ot^a. ANDy-F 
OCO. OCl, 0C2omt^\t. ^ti^ix "0' . 

"O" . "0" x-^^i)^^. cn6.ois^A;^iT^o 
Ry- hoc 3 <D^t>it -0" ^r^^, = o-c^^ 

ffi^:sstciit>6T. A N py- F oc I <?>as;^t* *o - 

t^, ORy- hOC3 0til:^tc?^5IT-So 
[0042] VO:^r^V^:^-A.Ui)<J>^mii^t^%T 
i^. SO = O^Ai^i, ANDy- hOC0<Da:^;!rs 

"1* inco. cnfrcjro-c, ORy- hocacojfi;^ 

4> " 1 " i^f-S. C<0i&*^-?>'^9^7*^^^'t^2 l ciOR 
y- h2 1 d^iit^T. '^-te^* hii^RTFibT^U 

[0 04 3] filki;^^-^BR;i47^;^5*^fc^^^. 
^'fv>?^2 1 c<^ai;^iCg9»nf<ORy-h2 1 d<^ 
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m-Ms^ ** 1 " 0 . X -:7*0ai3? 7 T'-^ o 7 :?'2 
4tC*for. 'J-fe-;^ hit#RTF:^>'>iH:^dn-5>CitCf^ 

[0044] ecru, cpul i^'^i^'i i?r ^1^1^ 

^^m¥^^. AND^f^iOR^fl^a^r-^S^iStlff^ 

[0045] ^tc. !K^C9^'^-K'53;T^S^i-->l'<D«!L 
10 etUtCjr-^-C. CPUl 1 ^'5 3;^' i^T:^7^-l*-&, 

U'-5f2l. •^A-r i'Tr?:/^s^:x-4^ut/A5722. 
;^D£*s^:>.->»H^7 V y u*/^ ^? 2 3 lijg-^^K < u 

;5^fi^BRO0R?t:^<D$S^^»;-(r^ h^t^RTFiO 
X:^ 'J »; 5- o :y 3^'2 4 i^A;^'mft^:j: 

20 [0046] i(Iii^5^{f^BRd4A;^^*^'Si. 

^diSIlp »J f 7:?n^.37'2 4ic^^or 'J-fe? h^-^RTF 

mccpv 1 1 -y^'^a^ctimuttf^ 

[0047] *^*feff5S^'(*, S£3fe<0>A^ A L S I 

7^yut^X57 2 3ao';^ ^J'-^Mmo 'J :7-:7 n 
[0 04 8] CC^Jr^tC^l^ffJi^-Ci*, V7'h'^7:..r 

40 PUl \^\.»'^7s^)''lf^it^iPfi:m'^rhC^^f^^X 

tm^tUh, 56tc, KC'j^rtCjr^rCPU 1 
l(D'^;j^^i?7';^^*^*!liiS0r'SCiiCJ:-:»-C. Ts^)--^' 

50 ^i>m^. ^^^ti<0^-^^^y 
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[t)049] m&<f>^X:mf^;^nXi.^fc^^- Y^^^j^T 

[0050] im2m^^] ^m^^^z^mmm^ lo 
mi 0. m \7kzmi z^mmoximr^. 

[005 1] 5-3)<C>>^^-h"'^r3.T^^^?-Jl'M0, M 

0, Ml. M2, M3, U4iC^UXim^^i>^i^i^ri 

^^icsi^m^^ctic^^x. CPUl 
[0052] C04.-^>3Cm'. l^^rSnfti^LS 

3. - ^Ko^as^^t^T-r h<DX'^ ^tr^t. 
m2cQA»;-:/^i^^3-K'Cti;ll5g'C*^fC-o ^tif^f 
e^. ^2<0A'j-7^^-C'4*, 0:^'< -^-7'^^^^ 

[0053] -ecr% mi ltc^'^■|p^2c>A»;-:f^<^ 

- KOP<b 1-:?C0US^X577 </-JUFRGi:?>^6i:tio 

T'S. ccrig^sn^^u^^A^^^t*. 1120:^';-^' 

Ui*fr:7 -f-^^KCOO^@^cti^■r^>rt^^KttO'C 
X. cpvi \<D'>:>^'<i^r-yy^mm^. 

[0054] C<D;^'J-7'^^=£ffiC-r. CPU 

1 1 =£:A»;-:ft^k:-r*:^s^mi 20)7 d-^ ir- 

[0055] Ut^yK^i^ i-)lh-RGX't1s^^titc\^^J' 

[0 056] ^1 2tcfec^T, ^r. j^^j-ym'^t^m so 



1^2 0 0 0- 1 1 2 585 
1? 

tj-SK^m^^T^* giiK:, r r 8 J tc r 0 X 0 0 0 0 J ^ft 

tie J;: ^xtmitvx h <. f^mi. na^i^ 
r r 8 J (Digt r 0 X 0 0 0 1 J ^ORmt^^n 

^. $Afil. 2. iSSI2. 1. 9m2. 2. 

2, M3, M4tc^®^^^aiOfe|gtc. rr8j<?>il 

i r 0 X 0 0 0 2 J . r 0 X 0 0 0 4 J . r 0 x 0 0 0 
8j. roxooioj ^(DORm^t^tl^ntrl^. 

tC. AND^f4^Al^l* roxO 0 0 Oj , OR*f4=nf6 

r 0 X 8 0 0 0 J i r r 8 J d<?>ORiS#^-en-ewf 
[0 05 7] ccoj:^tc'r^c4:tcj:7r. mt*. 

SI. 1. W12- l^^fc^ AND^fr-CCPUl 1 
-S:'^;*-^ 5'T:;^::^$ii-^ii^tCti, f r 8 J <DI^:(>i 
rOxOO I 5j ittO. K'5 5:7^1>^--'Hyl0 
iM2<0AND.^frtCJ:7-C. CPUl I ^e: -< T 

[0058] ^Uzf^^l^^m^UXK-i>fcitf 

t\ CPVl \ X<^mmX'ji^') l2icriP-^:KT^m 

CPUl l^i^^<Dr*'-b;^li*;5iafe^ifc^i;^ 
i. m^'i^:^~A^i>^r^^:^Xi^t^<^^^m^X'^^o 

[00591 'Xic^ ±i^m 1 Ro'm2mM^micmi.^fi> 

n^. CPUl UC^^-r^»;^»>l-7j^0S'?*'< i'T-:'^" 
4&Il(3C>^^T^iIi?:. mi 3<^>7D-^ + - h«:#P.?Cr 

[0 06 0] ^r. CPU 1 l3i>^:'X4C^|^fT^^b^^r 
3- KO (A7^.;^7S 11), -en^O^, CPUl I -5r^ 

7-s 1 2) o ;^»J-:7-^^'c*)nii:. co>^^tc^^x 

i^^n^. CPUl l?:»^r:i^-<i7r v^T^-t^^y-ciCXD 
^ft;&iUt^X5?4Cte$fl$n^».<AT^7rs 1 3 > . 3e> 

CPU 1 l^CD5'D^iT(7>^Jt^:£f$ih5'ti^fi^;>S 

^BS^n, ccDm^tcjTo-ccpu 1 \i>'^:^')~:fr^ 
(;^^-^7S 1 4) o 

[0 06 1 ] CPU 1 l^:^V--7'LXi.>^^iC. 

<2LJfl^7iI^*^fe3Q3n^ i:^^i*zfS \ 5) . -eo^ 
- K':7:.;T^i^:^-iK0ieifm7tcj:or, fetfJLrfc 
t,^^cCPUl l'N0 5^D^>7^j(6^Pr^$il.&*ft5:>sS5 
fc5nA::^^^S-*^*i*gftfi$n (A^^^^TS l 6) . iiSfc^ 
n-Cc^nti, CPU 1 l-^coi'P f i^C0^3t6^BI?g3ii 
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{:^'^v'y'S 1 7> o 

[0062] [ isteH>'SS] 1 ^v^mzwm 
r. CPU 1 1 =£yv h-^j^r ^ci:-, 

r^^^-ji.*i6<^>«iffi*l7{t-^tcj:7'CCPU 1 1^ 
nfc^frc^n6o*r«!!:fi3&^j|^7o/c6CPU I 1 

[0 064] ^14(i. ^':^7^ALS Icr>"7"Di^"7AtC 
fet^^/^- K*^*r^i>^-;l'<2!:SI^7*#^^^l'-^><^ TO 

[0 0 65] Piatcfet--c. mic^^ic^^ 
X. z"^- K':?:ttr^*^3.-4^tt«ut;^Ad? state 

b-c^r^^ti "0" tn>, 

[0 066] fec^rand i ^^tCcfc-^-CD- KbfcH 

> K*^ r 0 X 0 0 0 3 J V^^^^. t^ut^^ s t 40 
a t eCO^Oti-T^ h (LSB) <tMl tr^^ htci^icT^ 

efi^^tciro'C. ate "O* 'C«>&u:^;=i^' r Oit^tti 
Ii4=£:?ft.v ^(0^m^^V<mitli^t, ^^-g. inf 

MO. Mi<om:fjo>mmi)itf^7ri><D^^i^)i~^> t 

[0067] ^XiC. C<^A^-^>«r:^ 'J-:7*^^tcg* $o 



f#PI2 0 0 0-l 1 2 535 

14 

[0 06 8] *191J<DJS^i*. h"*^>*r^^>^:7.->fUM 
0. UlO>mE<D^%TlCJ:r>X. CPUI 

t&^L'rci^X'C??^^- KC? Ar^i/A-A^^Z!:ffi*i$570 
fcib. CPUI 1 ^'^*^'i'T-;^r51*^<?>r'. 
-^--'I'KCOf^fgEiAND.^fti^f^, Utci>'i^X. 

x\ x»;-r^i*<^^^'r:t-^3- -11111 
"0" . OR?Sfef+;:>i M' i-r^o 

[0 06 9] K•?:r;T^S^*-^^ft!l@$^7^t^>^- 
-r. U t>X ^ r 3 r 0 X 0 0 0 3 J ^rf^AC.'C^tJ? . 
cn=£m f c 2^%<o:X(Da n d^^-C^;^ Urffi 

-^luo, iAi<oi^m<Dm^i>mTbxi-ti:i.^m^ 
•i? i r -^HM 0 ^fcfttiA 1 c^<r»'m;:>HJ>isaJi?>Si|,^ 
1^. c<DJU-^>ii, K-? j;r^^3.-;mo^fc 
^i^X'ib^^ htctf^-^x. cc^ju-^^-Sta*;-:/^^ 

•e?AT^s^3.-^i-M0j^a^Mi ^^in-r ro xo o 03 j 

r-^O, <-;UKCOti. F'^':i^r^t^^- 

^MO*fct^M 1 <Ot-Tn^iD«!:Sy&5t!a7t*'&*'C'C P 
Ul 1 '^AM-r^^H-S.co'e, OKm^tUi>. 
[0 07 0] ra^/W^-iCiJl^T. ^nt(i^^^?4 

[0 07 1 ]:^:^^:. K'^7*T^:^:^-Jl'««:Jm7J# 
- ^ > ^ :^ - :7*^<^tcs ^ fe^ ^ ;c£tK7>^^ S cc 
•^^•C. ^1 SJ^y^Hl 9=£#.KL.T§Hm-r^, 
[0072] ^1 8<^^n-9^i.-h«Cfct^r. ST, 

tc^f^f ^ <;;^7^5':7'S2 1 > o 'Xic. cn^7 ov^ 

i|^r7J#^^U-^>^A'J-::^^^tcaftf -6 C^t^:?^' 
[0 07 3] 7.9^>'7S2 2XO>y i ^) > i/ic\t. 
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j:^x^^r^. mi 9ic, miAi^mi 5<^^%7kn 

^tf 5o C CT't*. S c o II s t WT<Z) state, r 

0. and. o rTl^^^ircAO, S v a r JL-^.T*^ r e tr 

1. retr2. i mm 1 . i mm23&^^^r'^>'S« $1. lo 
a be I JLUT<:?>LABEL 1 iLABE2li. 

ii^^) X'hh^ StableiSeiidtabler- 
s t r e a ^SiUTiy^^^^n. S f o r m a t UTi}"^ 
[0 07 5 ] ^^tc, 7 f/^^u>^^<^>¥^^3fe2^ir•c?l^'c 
se->'ce*ja^^o 30 

[0076] UT. ^b^T-feV^-*;:!- K^tcS 1 4tc 
[0077] r-te^T^'j^-K^tC TLABELl : J 

>:r'j3- K*C5m f c 2(^^<D^1 ^-^^> h"<^>il r 
23&ifV^3n-£. S:fe^-::^^K^inf c2^^c^3^2:f- 
[0073] m f c ^^kt:^^ y>h' i:>—^^<OX\ 
'^X(0^^<Oit^%^T'>o ^ a n d I ^^X-^^ 

audi \ Kl*S3ftr e ^2^^X\ 

T2m^K$tii>. 50 



4^832 0 0 0- 1 1 2 585 
16 

[0079] SfeT^-T'^^CDa n d i ^omZ^^^ 
> Kt*^ai<Or e 6r 1 tr^-SjE^^^, ^iccoiSaicf^^ 

tt. i mm 1 4C TO x 0 0 0 3 J i>^W^ni>, X<Ob 

n e ^^o>tt^^X'\t. mz^t^yi^b'^ vimmx^ 

[0030] ^ftx-7<n^<^b n e ^^O^Z :^^=f > 
KCDLABELlli. v^J\^^X£h^iP^. Tt:>a 

t^mt c2^^^^mi^x\.^^(j>x\ — sag 

- F*0-e<D^'^^?<J4:. $ f 0 r m a t X^-^htifc 

^(^Jti-^. I mm 1 i>^^nx^hi>^^, a n d i 
ttiljtoB#tcf^A^nA: r 0 X 0 0 0 3 J i>m^*^fi^o 

[003 1] c<oii'>ic. :^m:m^^x\t. u^<o'Po 

[0032] 

-^>h^at*. i^-Mic^^^zf^-h-^xTx-^mri^c 

fe*tc£>s <*; ^ ->< ^ M s 4.^^ ^ oat 
[0 03 3] ig^Jt^sgafeco^^r^^-st^x^ALS i 

S^L3^cUt>J^5?^f&^r^.^20'7 K^^L. >^ 
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[0 08 4 ] iB5R*6iaS£<^^'e*^VArALS I 
I ^ ^ti ^ 7 D i/-^ - ^ > ^ X - 7*^ 

[ 0 0 8 6 ] ^ ^c. ^^(D^X-m^^tiXl^-fc^^- K 

[i^SiD^mictsgqi] 

[01 ] ^^m<Dmimmm^i^^c{^^>yt.TJ^LS \<o 

[132] x^}~^^%::i-Y(r>mmL^mx^h^ 
[ m 3 ] 'J - r^^^ :3 - \^(^^^mfkmK^^<rm x 

[07] ^6^c^^Ofcv;^5^ALS I co<S^tciJVir^? 



(10) 4^^2 0 0 0- 1 1 2 585 

18 

1 * - a - K <om>mmMmh^nctm x^ 

[011] m2m^mmic%^yt.^)-:f^%^- h^om 
m^^rmx^^. 

[012] ®2m^fJSSiC^T-SC P \J<OX *) --zfmr^ 
imr^y a-^^-h X3r>^o 

[013] CPUl l^t^-r^^'J-zfRU^^x^ iPT 
10 [014] S/^T^ALS I (D^'a iT'y Ai^aVf ^^^-^ V 

[0 1 5 ] mi 1 Ai^CmUfcm^cf^^. m3m:im?Jli<o:!^ 

*)~zf^^^- Y-o^mm^t^^rmx^^a 

[016] v;3:7^ALS I O-p'a i?^^ Atc*il'^^>'^- K 
7 ^ :x - -'l-^ffil^T f§ ^ ; U - > <?>fl!iOl5|] ^ 

[0 1 7 ] ^ 1 etc^o^TcPiiocn^^. ipJ3:fete}tJ5S<^x 
*)-zf^^zi- Y^o^f^^^fmx^^a 

[01 9] lil 4i^l 5<9^<^^?^J^x•J-y^^^^^c 
[02 0] S£^©s/;^rALS I <^mi5£^^*r:?'n i? 

mx3b^o 

11 CPU 

12 

2 1 :3>/^U-^' 
2 2 0 * ^-^'^^^^-^U 

2 3 ^s^^-.'M^^^i^ut^xi? 

2 4 ;^ »J -7^$iJSii7 ^) -^-f-ya^zf 

2 5 ORy-h 

OP J^'J-::^^^^^^:^-^:^- K 

wu 0 A ^ r y-y'^v^ i -;u k 

CO i~A^Y 
RG Ui^X^ty 



30 



[021 



[04] 



T 

OP 



T 

CO 



^ 

mi 















LOO0 : nf e 




stat« 












Ht,. Le«p 
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2 0 0 0- 1 1 256 5 



imi] 



30 



GK 



12- 



-^13 



m » 



[05] 



24^ 



RTF I 



22 



OUT 



21 



T 

OP 



00 



30 



20 J/^'^-T^C^J*, 




12- 
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